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Abstract: PURPOSE: The aim of this study was to evaluate the influence of different cleaning regimens
on the microshear bond strength (￿SBS) of three different all-ceramic surfaces after saliva contamination.
MATERIAL AND METHODS: Cubic ceramic specimens (3 × 3 × 3 mm(3) ) were prepared from three
types of ceramics: zirconium dioxide (Z), leucite-reinforced glass ceramic (E), lithium disilicate glass
ceramic (EX; n = 12/subgroup). A total of 144 composite resin cylinders (diameter: 1 mm, height: 3
mm) were prepared. Three human-saliva-contaminated surfaces of ceramic specimens were cleaned with
either water spray (WS), with 0.5% sodium hypochlorite solution (HC), or with a cleaning paste (CP).
Control surface (C) was not contaminated or cleaned. Composite cylinders were bonded to each surface
with a resin luting cement. All specimens were stored at 37°C in deionized water until fracture testing.
￿SBS tests were performed in a universal testing machine (0.5 mm/min), and the results (MPa ± SD)
were statistically analyzed (two-way ANOVA, Bonferroni a = 0.05). Fractured surfaces were analyzed to
identify the failure types using an optical microscope at 50× magnification. Two representative specimens
from all groups were examined with scanning electron microscopy. RESULTS: ￿SBS test results were
significantly affected by the saliva cleaning regimens (p = 0.01) and the ceramic types (p = 0.03). The
interaction terms between the ceramic type and saliva cleaning regimen were also significant (p < 0.05).
There were no significant differences among the ￿SBS values (MPa ± SD) for the Z group (C = 17.5 ±
8.8; WS = 16.0 ± 4.9; HC = 17.6 ± 5.8; CP = 16.6 ± 7.5; p > 0.05). In the EX group, C resulted in
significantly higher ￿SBS values (32.6 ± 7.4) than CP (17.4 ± 8.9), WS (15.6 ± 7.3), and HC (14.3 ±
4.5) (p < 0.05); however, C (20.4 ± 7.1) and HC (19.2 ± 7.5) showed higher ￿SBS values than CP (13.8
± 4.8) and WS (10.9 ± 5.7) in the E group. Some cohesive failures within the luting resin were observed
in the E and EX groups, whereas only adhesive failures were seen in zirconia groups for all surface
treatments. CONCLUSIONS: Different ceramic surface cleaning regimens after saliva contamination of
the zirconium dioxide revealed ￿SBS similar to the control group, whereas all surface cleaning regimens
tested significantly decreased the bond strength values in the lithium disilicate glass ceramic. The leucite-
reinforced glass-ceramic group benefited from 0.5% sodium hypochlorite solution cleaning with increased
bond strengths. CLINICAL SIGNIFICANCE: Adhesive cementation of zirconia presents a clinically
challenging protocol, and the cementation surface contamination of the zirconia restorations and the
inadequate removal of the contaminants increase the risk of failure, as for all ceramic types. This study
demonstrated that surface cleaning regimens should be applied according to different ceramic properties.
DOI: 10.1111/jopr.12170
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ABSTRACT 
Purpose: To evaluate the influence of different cleaning methods on shear bond strength 
(SBS) of 3 different all ceramic surfaces after saliva contamination. Materials and Methods: 
Cubic ceramic specimens (3x3x3mm) were prepared  from three types of ceramics: 
Zirconiumdioxide (IPS e.max ZirCAD) (Z), IPSEmpress (IvoclarVivadent) (E), IPSe.max 
CAD (IvoclarVivadent) (EX) (n=10/subgroup) and surface conditioned according to the 
ceramic type. A total of 120 composite-resin (TetricCeram,IvoclarVivadent) cylinders 
(diameter:1mm,height:3mm) were prepared. Three human saliva contaminated surfaces of 
ceramic specimens were either cleaned with water spray (S1), with  0.5% sodium 
hypochlorite solution (S2) or with a cleaning paste (Ivoclean,IvoclarVivadent) (S3). Control 
surface (C) was not contaminated or cleaned. Composite cylinders were bonded to each 
surface with a luting resin cement (Variolink II, IvoclarVivadent). All specimens were stored 
at 37°C in deionized water until fracture. SBS tests were performed in a universal testing 
machine (Shimadzu, Japan, 0,5mm/min) and the results (MPa±SD) were statistically 
analyzed (ANOVA, Bonferroni α=0.05). Fractured surfaces were examined with scanning 
electron microscopy (JEOL JSM-5200, Japan). Results: Mean SBS values for E were 
observed as C:14,9±6, S1:12,1±6,9, S2: 19,4±7,2 and S3:19,5±7,5 while for Z group, 
7,3±10,7, 15,7±4,8, 17,3±5,5, and 17,1±7,3, respectively (P>.05). EX surface cleaning with 
S3 resulted in significantly higher SBS (32,6±7,4) than C (17,4±8,9), S1 (15,7±7,3) and S2 
(14,3±4,5) (P<.05). Mainly adhesive failures were observed for C, S1 and S2 groups while 
cohesive failures within cement were observed in S3. Conclusion: Cleaning paste application 
on saliva-contaminated lithium disilicate ceramic surface  had a significant influence on 





Cementation of all-ceramic restorations by adhesive luting resins have become a 
routine procedure for clinical use and problems in bonding of luting resins to ceramics have 
been solved significantly in recent years. The success of long-term resin bond to all-ceramic 
restorations have been well documented.1,2  
Zirconium dioxide (zirconia) polycrystalline materials, also named as ‘oxide 
ceramics’  have been used in a wide range for single and/or multiunit fixed dental prostheses 
(FDPs) as well as implant abutments with their biocompatibility and relatively esthetic 
properties.3 Although, adhesive cementation is not a prerequisite for zirconia restorations1  it 
is recommended as in other all-ceramic materials, in terms of decreasing the risk of 
secondary caries development by sealing the impurities around the finish line and increasing 
the fracture resistance of the restored teeth and restorations.4 However, since zirconia does 
not contain a silicate phase, it cannot be adhesively luted as in silica-based all-ceramics.2 
Silica-based all-ceramics, have the advantage of a successful bonding with self, light or dual-
curing resin luting cements to prepared teeth provided that the luting surfaces of such 
restorations are etched with hydrofluoric acid followed by silanization.5  Generally accepted 
current protocol for adhesive cementation of zirconia restorations include airborne particle 
abrasion of the intaglio surfaces of the zirconia followed by application of phosphate-bonded-
monomer-containing composite resins.6   However, air-abrasion might induce surface defects 
on zirconia reducing its strength7; and alternative luting surface conditioning methods such as 
selective infiltration etching, zirconia ceramic powder coating, ceramic pearl layer 
application, glaze layer application or recently introduced nano-structured alumina (Al2O3) 
coating might be beneficial to overcome the problems occurring due to air-abrasion.8,9 Luting 
of zirconia restorations by conventional bis-GMA containing resin cements, which do not 
contain the bifunctional molecular monomer: 10-methacryloyloxydecyl dihydrogen 
phosphate (MDP), alone, have not been successful in establishing a durable long-term bond 
to oxide ceramics.9,10  
 In addition to the above mentioned difficulties in achieving a strong bond between the 
zirconia restoration and resin luting cements, the try-in procedure of an all-ceramic and/or 
zirconia restoration causes the intaglio bonding surface of the restoration to be generally 
contaminated with saliva, blood, or fitting indicator remnants such as silicone or try-in pastes, 
making the adhesive cementation of the zirconia restorations even more difficult. Failure in 
removal of the fluids or try-in materials results in reduction of the bond strength.9,11 Thus, 
any  inorganic or organic  contaminants  should  be  eliminated  before adhesive cementation. 
Mainly used methods of decontaminating the luting surfaces of ceramic/zirconia restorations 
are scrubbing the surface with acetone, application of 37% phosphoric acid for 60 seconds 
once or for 30 seconds twice, cleaning with 96% ethanol for 15 seconds, 2% chlorhexidine or 
5% sodium hypochlorite application or water spray.12 Recently, an alternative universal paste 
for extraoral cleaning of pre-treated ceramic and metal restoration surfaces which have been 
contaminated during intraoral try-in has been developed.13 This cleaning paste consists of an 
alkaline suspension of zirconium dioxide particles which are deemed to absorb the phosphate  
contaminants  to  bond  to  them  than  to  the surface  of  the  ceramic  restoration leaving  
behind  a  clean  zirconium  dioxide  surface.14,15  
Therefore, the objective of this in vitro study was to evaluate the influence of various 
surface cleaning methods on shear bond strength (SBS) of three different all-ceramic surfaces 
after saliva contamination; thereby suggesting a preference of a purifying procedure for all-
ceramic surfaces. The null hypothesis was that surface decontamination methods used for 
cleaning ceramic surfaces would not significantly differ in bond strengths according to the 
ceramic types.  
Materials and Methods 
 
The chemical compositions of the materials used in the present study are listed in 
Table 1. Cubic specimens (3x3x3mm) (N=30) from three types of ceramics (zirconia, leucite 
and lithium disilicate); namely IPSe.max ZirCAD (IvoclarVivadent, Schaan, Liechtenstein) 
(Z), IPSEmpress CAD (IvoclarVivadent, Schaan, Liechtenstein) (E) and IPSe.max CAD 
(IvoclarVivadent, Schaan, Liechtenstein) (EX) (n=10/subgroup) were prepared  in a pre-
sintered form under water cooling by using a slow speed diamond saw  (Isomet® 1000, 
Buehler, USA) (Fig. 1). All specimens were then sintered in ceramic and zirconia sintering 
furnaces according to the manufacturers’ firing instructions (Fig. 2 a,b). A total of 120 
cylindirical specimens with a diameter of 1mm and 3mm height were obtained from a 
composite resin (TetricCeram, IvoclarVivadent, Schaan, Liechtenstein) (Fig. 2c). 
Subsequently, ceramic and composite resin specimens were ultrasonically cleaned in ethanol 
series and deionized water for 15 min, respectively. Surfaces of all specimens were wet-
polished with 800-grit silicon carbide paper. Airborne-particle-abrasion with 50 µm Al2O3 at 
2.5 bar pressure for 15 sec. from a distance of 10 mm was applied to the zirconia (Z) 
specimens.14,16 Glass-ceramic specimens were etched with a 9% hydrofluoric acid (Ultradent 
Porcelain etch, Ultradent Products Inc.,USA) for 60 sec and 20 sec for leucite (E) and lithium 
disilicate (EX) glass-ceramics, respectively.  
Three surfaces of cubic ceramic specimens were contaminated with fresh human 
saliva obtained from a healthy female donor who had not consumed any food or drinks 1.5 
hrs before sample collection16 and 1 surface was used as control. For each specimen, surface 
1(S1) was contaminated with saliva and cleaned with water spray. Surface 2 (S2) was cleaned 
with a 0.5% sodium hypochlorite solution and surface 3 (S3) was cleaned with a cleaning 
paste (IvocleanTM,IvoclarVivadent) after saliva contamination. Control surface (C) was not 
contaminated or cleaned. Composite cylinders were bonded to each silanated (Monobond 
Plus, IvoclarVivadent) ceramic surface with a resin luting cement (Variolink II, 
IvoclarVivadent). All luted specimen assemblies (Fig. 3) were stored at 37°C in deionized 
water until fracture. Shear bond strength tests were performed in a universal testing machine 
(Shimadzu, Japan) at a cross-head speed of 0,5mm/min. The obtained results (MPa±SD) were 
statistically analyzed by a one-way ANOVA and Bonferroni correction at a significance level 
of 0.05 (SPSS 16.0 for Windows, Chicago, IL, USA). 
 
Scanning Electron Microscopy 
 
Representative fractured surfaces from each group were dried by vacuum dessication 
and carbon coated. A scanning electron microscope operating at 20 kV (JSM-5200, JEOL, 
Tokyo, Japan) was used to observe the failure modes of the debonded ceramic specimens 
after SBS testing. Failure modes were classified either as adhesive failure at the ceramic 
surface or cohesive failure in the luting resin or in the composite resin. Failure areas of each 
mode were calculated and expressed as a percentage of the total bonding surface area for 






Mean SBS values for E ceramic group were observed as C:14,9±6, S1:12,1±6,9,  
S2:19,4±7,2 and S3:19,5±7,5 while for Z group, 7,3±10,7, 15,7±4,8, 17,3±5,5, and 17,1±7,3, 
respectively (P>.05). EX ceramic surface cleaning with S3 regimen resulted in significantly 
higher SBS values (32,6±7,4) than C (17,4±8,9), S1 (15,7±7,3) and S2 (14,3±4,5) (P<.05) 
(Fig. 4). Mainly adhesive failures were observed for C, S1, S2 and S3 groups for all ceramic 
groups. However some cohesive failures within the luting resin were observed in E and EX 
groups while no cohesive failures were seen in zirconia groups for C, S1, S2 and S3 surface 
treatments (Table 2). Universal cleaning paste resulted in a clean surface for glass-ceramic 





 The performance of different ceramic surface cleaning methods with leucite, lithium 
disilicate and zirconia specimens after human salivary contamination has been investigated in 
the present study. The shear bond strength tests have revealed that lithium disilicate ceramic 
surface cleaned with the universal cleaning paste resulted in the highest SBS values and SEM 
images exhibited no visible contaminated areas on the ceramic surface.  
 Saliva consists of organic materials such as salivary proteins, bacteria and food debris 
in water solution. Salivary protein adsorption would occur not only on the tooth surface, but 
also on the restorative materials when the restorations are exposed to saliva or oral fluids.4 
Surface cleansing, roughening with hydrofluoric acid, and activating the bonding surface are 
essential factors before cementation for achieving a strong and durable resin bond to the 
intaglio surface of the ceramic restoration.1 Scanning electron microscopy images of the 
present study indicated that cleaning with a 0.5% hypochlorite solution and universal 
cleaning paste proved to be more effective for the removal of saliva remnants while water 
rinsing alone was not sufficient. A possible explanation for the decreased SBS and increased 
adhesive failure could be that an invisible thin residual organic film might have covered the 
fitting surfaces of the restoration blocking the penetration of the silane and luting cement into 
the microporosities.  
 The success of adhesion involves both the restoration and the prepared tooth surface 
conditioning. Therefore, precautions should be taken not only for the restorative material 
surface cleaning, but for the tooth surface, too.  Adhesion promotion to prepared tooth 
surfaces is not a concern for silica-based all-ceramic materials today with the use of light or 
dual-curing luting resin cements, glass-ionomer cements or self-adhesive resin cements after 
hydrofluoric acid etching and silanization of the cementation surfaces of the ceramic 
restorations.5 However, zirconia based restorations still present adhesive luting problems 
since yttrium oxide stabilized zirconia contains less than 2% aluminium oxide and silicone 
oxide phases, which are necessary for etchability of the luting surface of a zirconia 
restoration.17 Although strategies for adhesive luting of zirconia restorations to prepared teeth 
such as airborne-particle-abrasion with  50  µm  Al2O3 at 2.5 bar  followed by application of 
MDP-containing  composite  resins have been developed1 and have presented durable bond 
strengths even after water storage and repeated  thermal cycling,18,19 the  long-term  bond  to 
zirconia ceramic with an MDP-containing resin cement (Panavia F 2.0) was found to be 
unstable after application of different cleaning  methods  simulation for  clinical  conditions 
like  saliva  and  silicone  check-fit impression material contamination.16   
Since the problem of adhesive luting of zirconia is still a concern and contamination 
of the intaglio surface of this type of restoration and effective elimination of the surface 
contaminants might increase the risk of adhesion failure, removal of contaminants is of vital 
importance. In a previous study where the effect of contaminations (saliva and disclosing 
agent) and cleaning methods on bonding of zirconia ceramic have been investigated by using 
X-ray photoelectron spectroscopic (XPS) chemical analysis and tensile strength testing; 
contamination was reported to significantly decrease the bond strength of zirconia and 
airborne-particle-abrasion was the most effective cleaning method.20  
Although standard airborne-particle-abrasion was not used as a ceramic 
decontamination method in the present study; all ceramic surfaces were air-abraded with 
50µm Al2O3 at 2.5 bar pressure, simulating the as arrived restoration from the laboratory to 
the clinic and the contamination was then conducted mimicking the final intraoral try-in of 
the restoration before cementation and the most practical and commonly used 
decontamination methods were then applied. As has been previously reported; airborne-
particle abrasion produces surface roughness that is necessary for adhesive luting, but on the 
other hand, it might increase the possibility of contamination and prevent adequate 
decontamination because of the created pits and irregularities on the luting surfaces of the 
restorations.20  The results obtained from the SEM images and SBS values present in vitro 
study confirmed these findings, also. On the other hand, a newly developed surface cleaning 
paste for metal or zirconia restorations have been investigated in the present study, and it was 
found to be most effective for lithium disilicate glass-ceramic group other than zirconia 
specimens. Therefore the null hypothesis stating that surface decontamination methods would 
not significantly affect the SBS of the ceramics used in the study was rejected. 
The universal paste used in this study is an alkali suspension of zirconium dioxide 
particles in water and it has been reported to absorb the phosphate contaminants in the media 
leaving a clean surface.13 The contamination medium in the present study was only human 
saliva. Human saliva contains several proteins involved in preventing or promoting bacterial 
adhesion to oral soft and hard tissues. Proline-rich proteins (PRP) in the saliva are especially 
found in acquired enamel pellicle and act as strong promoters for bacterial adhesion with 
their molecular amino and carboxy terminals, controlling calcium phosphate and interaction 
with oral bacteria, respectively.21 Therefore, the above mentioned phosphate absorbing 
mechanism of the universal cleaning paste used in the present study might not have affected 
on the removal of PRPs in the saliva, thereby might have blocked the removal of these 
proteins from the air-abraded and saliva contaminated zirconia surface leaving  behind a 
possible film layer decreasing the bond strength values. 
The universal cleaning paste was more effective for the lithium disilicate surface 
cleaning, also supported with SBS test findings. Lithium disilicate ceramics contain quartz, 
lithium dioxide, phosphor oxide, alumina, potassium oxide, and other components and IPS 
e.max CAD has a two-crystalline phase (metasilicate and fully crystallized lithium disilicate 
forms) microstructure (Li2Si2O5).22 When the glass-ceramics are etched with hydrofluoric 
acid, a chemical reaction: 4HF+SiO2 → SiF4+2H2O occurs since the affinity of fluoride to 
silicon is higher than to oxygen.23 With the application of the universal cleaning paste on the 
lithium disilicate followed by HF acid etching in the present study; the phosphor oxide (P2O5) 
might have reacted with dissolved silica matrix to yield phosphate groups and the phosphate 
absorbing ability of the universal cleaning paste might have eliminated all the phosphate 
contaminants on the glass-ceramic surface. This finding was supported by obtained SEM 
images, also revealing a clean surface (Fig. 6). 
It has also been demonstrated through XPS analysis that any organic coating 
composed of C, O, and Si on the ceramic surface led to a  significant  reduction  in  ceramic 
bond strength after saliva immersion and the application of silicone disclosing agent for try-in 
purposes.20 XPS analysis has been reported to be over surface sensitive with an examination 
of the outermost 2-10 nm layer of the specimens24 and the subsurface (ceramic) could still be 
observed. One limitation of the present study was that a chemical analysis, such as XPS was 
not used in the present study to observe to what extent the contamination reached on the 
irregularities and contaminated ceramic surfaces and the amount of the removal of the 
contaminant. The main objective rather focused on the effectiveness on the newly developed 
universal cleaning paste in terms of bond strength and electron microscopic observation of 
any contaminant presence on the ceramic surfaces.   
Further studies on the cleaning effectiveness of the most commonly preferred surface 
decontaminants on conditioned real ceramic restorations ready for adhesive cementation, but 
intraorally tried for final control should be conducted, although standardization of 
contaminants are difficult for clinical studies and production of duplicate ceramic restorations 
may not be practical and economical.  




















 Cleaning paste application on lithium disilicate saliva-contaminated ceramic surface  had a 
significant influence on resin-ceramic bond strength increase. 
 
Clinical Relevance 
Adhesive cementation of zirconia presents a clinically challenging protocol and the 
cementation surface contamination of the zirconia restorations and the inadequate removal of 
the contaminants even increase the risk of failure, as for all ceramic types. This study 
demonstrated that conventional hypochlorite solution and extraoral universal cleaning paste 
applications resulted in effective removal of human saliva on the luting surfaces of tested 
ceramic materials; thus can be recommended for routine clinical cleaning procedures before 
the cementation process.  
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Table 1. The chemical compositions of the materials used in the study. 
Table 2.  Failure types per test group. Adhesive failure at the interface between the ceramic 
and luting resin (A); cohesive failure within the resin only (C).  
Fig. 1. Ceramic specimens cut under water cooling in their presintered forms. 
Fig. 2. Sintered zirconia (a) and all-ceramic (b) cubic specimens; cylindirical composite resin 
specimens (c).  
Fig. 3. Luted ceramic and composite resin assemblies (a) and custom made specimen holder 
for SBS tests (b).  
Fig. 4. Box plot graphic of mean SBS values of the ceramic groups according to surface 
treatment regimens. 
Fig. 5. Scanning electron microscopic images of the surface treatments of the leucite all-
ceramic group. The arrows indicate the contaminated spots.  
Fig. 6. Scanning electron microscopic images of the surface treatments of the lithium 
disilicate all-ceramic group. The arrows indicate the contaminated areas appearing as white 
spots. Note the decreased amount of contaminated areas in the universal cleaning paste 
group. 
Fig. 7. Scanning electron microscopic images of the surface treatments of the zirconia group. 








































































































































    Table 1 The chemical compositions of the materials used in the study. 
                   
Figure 1 Ceramic specimens cut under water cooling in their presintered forms. 
 
 
Figure 2 Sintered zirconia (a) and all-ceramic (b) cubic specimens; cylindirical composite 









   
Figure 3 Luted ceramic and composite resin assemblies (a) and custom made specimen 
holder for SBS tests (b).  
 
                          
 
 

























Table 2 Failure types per test group. Adhesive failure at the interface between the ceramic 
and luting resin (A); cohesive failure within the resin only (C).  
         
            Figure 5 Scanning electron microscopic images of the surface treatments of the 








	 A	 C	 A	 C	 A	 C	 A	 C	
Empress	CAD		
(N:13)	
11	 2	 13	 0	 11	 2	 13	 0	
e.max			CAD		
(N:12)	
10	 2	 12	 0	 8	 4	 11	 1	
Zirconia		(N:14)	 14	 0	 14	 0	 14	 0	 14	 0	
     Figure 6 Scanning electron microscopic images of the surface treatments of the lithium 
disilicate all-ceramic group. The arrows indicate the contaminated areas appearing as white 
spots. Note the decreased amount of contaminated areas in the universal cleaning paste 
group. 
 
    Figure 7 Scanning electron microscopic images of the surface treatments of the zirconia 
group. The arrows indicate the contaminated areas appearing as white spots. 
